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OPERATION HIFLOO 78 
Most suspended sediment together with associated nutri-
ents, pollutants, etc. are commonly supplied to an estuary 
during short periods of high inflow, a time when hydraulic 
conditions are rapidly changing. Measurements of suspended 
sediment and hydrography have been made mainly during rela-
tively stable conditions at average or low river inflow. 
Few observations recorp the effects of sediment influx dur-
ing floods or freshets when flow regimes are rapidly changing 
and when sediment loads are high. 
The influx of sediment produced by high inflow degrades 
water quality, increases turbidity, lowers oxygen content and 
raises nutrient levels. Oysters suffer from prolonged fresh-
ening and lowered oxygen, especially in middle reaches near 
Morattico. Exceptional sediment loads contribute to channel 
shoaling and necessit~te frequent dredging. 
The prime purposes of HIFLOW 78 are to determine: 
1. The response of an estuarine system to high river 
inflow and influx of suspended sediment. 
2. The hydrodynamic interactions between a major tri-
butary estuary and the main body of the Chesapeake 
Bay. 
The immediate objective of the operation is to measure 
the spatial and temporal distribution of temperature, salin-
ity, turbidity and suspended sediment concentrations from 
the mouth to the head of the estuary. It is of special 
interest to measure the sediment influx, movement and short-
term fate in the estuary. How much? Where to? How long? 
"Th,re is on• thing strongn than all the Armies in the World, and that is 
an idea whos, time has come ." - VICTOR uuoo 
Objectives, Cont'd. A second objective is to bring together the Chesapeake 
CRC institutions, the Maryland and Virginia Sea Grant programs 
in cooperation with scientists from other institutions in the 
Chesapeake regions to focus on a common problem. It is antic-
ipated that such a boot-strap effort will not only serve as a 
pilot study leading to future cooperative efforts but it will 
provide new approaches to analysis of sediment patterns. Such 
patterns are of exceptional importance in transport relation-
ships and the supply of nutrients, chemicals and pollutants 
to an estuary. 
The Rappahannock Estuary was selected because it offered 
a number of advantages for study. It is of intermediate size 
compared to other Chesapeake tributaries - i.e., sufficiently 
large to have a significant spring inflow and small enough 
to allow detailed measurements within the limits of manpower 
and logistics available. 
Additionally, the discharge of water is monitored on a 
continuous basis at more than five stations in the water-
shed, while suspended sediment is measured at one station by 
U.S.G.S. The estuary is relatively straight and its bottom 
geometry is simple, consisting of a single axial channel. 
Although a major dam has been proposed at Fredericksburg, 
for many years the estuary is relatively free of major engi-
neering works. Pollution is not a problem except locally. 
Since the banks and flood plain are predominantly used for 
agriculture, non-point source pollutants like sediment and 
nutrients are a potential problem. 
Rappahannock - an aboriginal term indicating the rise and fall ot the water 
$ C ALE NILCS 
10 0 10 
LEGEND 
R A P P A H A.N N O C K R I V E R B A S I N 
STREAM GAGING STATIONS AND SEDIMENT MONITORING 
STATIONS 
• Continuous Recording Gaging 
Stations in Operation,Woter dlschorc;at 
SEDIMENT STATIONS 
• CURR ENT SfATIONS 
'T TIDE OAGE 
Site Characteristics 
Water 
During spring high inflow, the landward limit of salt 
water in the lower layer lies just seaward of Tappahannock, 
R35. The turbidity maximum, which occupies the zone R30-R42, 
is pronounced during periods of high inflow. The greatest 
longitudinal change in salinity, or gradient zone, occupies 
middle reaches, R22-R28. Stratification in this zone is 
intense at mid-depth and stability is enhanced by warm fresh-
ened water overriding cool salty water in the lower layer. 
Besides the influx of sediment from the river, or through 
the mouth from the Chesapeake Bay, a great quantity of sedi-
ment is resuspended by tidal currents. Measurements at slack 
water will minimize the contribution of sediment by resuspen-
sion and indicate the relative magnitude of influx from the 
mouth or river. Mixing during spring tides often breaks down 
the normal partly-mixed structure and water becomes relatively 
well-mixed for a few days. During periods of homogeneous 
salinity sediment concentrations are often . greater than at 
other times. 
In reaches below Fredericksburg, freshets and floods may 
be expected to increase tidal heights and strengthen ebb 
currents. Consequently, slack water before ebb may be earlier 
than predicted by the current tables. At the same time, sed-
iment loads may show marked increases and include substantial 
sand and organic detritus. 
Although the lower and middle estuary are partly shel-
tered from cross-bank winds from the northeast and southwest, 
waves reach substantial heights when high winds blow from the 
northwest down the estuary length. 
" ... all Amemans-f present and future generations-haue a right 
to enjoy the shoreline experience."-REPORT OP THE PRESIDENT'S COM• 
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The operation is planned to observe the temporal distri-
bution of suspended sediment concentration and the water 
discharge (flow), hourly and daily, for six weeks (March 10-
April 18) at three monitoring stations along the main stem 
of the river: Remington (U.S.G.S.); Fredericksburg (U.S.G.S., 
Mary Washington and VIMS); and at Tappahannock (VIMS). Addi-
tionally, current measurements are planned at the estuary 
mouth concurrent with hydrographic observations (CBI). 
Observations afloat are planned daily along longitudi-
nal channel transects at slack water for five days (March 
28-April i, 1978). These may be extended if a peak discharge 
event occurs. Slack water observations will also be made the 
week prior to, and also after, the prime period, March 27-
April 1. The longitudinal transects are assigned as follows: 
R/V Pritchard, CBI - - - - -- Mile O to Mile 30 
(slack before flood) 
R/V Aquarius, CBL - - - -- - - - Mile 30 to Mile 65 
(slack before flood) 
Whaler - - Mile 65 to Mile 95 
(slack before ebb) 
R/V Blue Fox - - - - - - - - Mile O and 35 .5 
cross transects 
slack to slack 
Observations will consist of: 
1. Vertical profiles of temperature, conductivity, tur-
bidity plus water samples for suspended sediment 
concentrations and chemistry. 
2. Selected cross sections for temperature, conductiv-
ity, turbidity and water samples according to 
weather and vessel availability. 












42-foot converted cabin cruiser work 
boat operating out of southside 
Marina, Urbanna, for dip stations on 
longitudinal transect, RO-R3q. 
Chesapeake Bay dead rise work boat, 
fiberglass. 40-foot class operating 
out of southside Marina, Urbanna, 
(March 27-28) and city dock Tappa-
hannock (March 28-29) for cross 
transects, special efforts, and back-
up. 
Bay research boat operating out of 
Urbanna (March 27-28) and city dock 
Tappahannock (March 28-April 1) for 
longitudinal transect, R30-R65. 
Open runabout, trailered small boat, 
operating out of Port Royal; for 
longitudinal transect, R65-R95. 
Motel for berthing to be designated. 
Aerial observations will be made 
during mid-day 1100-1300 on the first 
clear day, March 30, 31, and April 1. 
William Cronin and 2 passengers TBD 
(30 and 31) plus Woody Hobbs pilot 
(VIMS). Contact point, Hummel field 





3. Special measurements, including feasibility of in 
situ X-ra y fluore s cen ce (Sommer and NASA), c oresfor 
Cu analysis (Nichols), water sample s for X- ray di f -
fraction analysis (Pierce), and aerial observ?tions 
of turbidity (Cronin). Other special effects will 
be added as time and schedules permit. 
River Sesmentation and Vessel Assisnments: 
Fredrick.sburg Tappahannock Urbana (R38) (R15) 
R95 R65 R30 ,._ RO 
WHALER AQUARIUS PRITCHARD 
Speed: 20 knots 15 knots 9 knots 
Running Time: 2 hours 2½ hours 3 hours 
Station Time: 2 hours 3 hours 2½ hours 
Return: 2 hours 2 hours 3 hours 















































































Conventional clock or 
watch set by radio time 
WEATHER OUTLOOK FOR MID-MARCH TO MID-APRIL 
Preci pit at ,on 
MIXED TEMPERATURES. Warmer weather than usual is in store for the 
West; cooler than usual for the Southeast. if Weather Service forecasts 
are correct. Most of the country will have below-normal precipitation. 
U.S. NEWS & WORLD REPORT, March 27 . 1978 ! 
Sampling 
Protocol 
For longitudinal transects, stations will be made at S-
mile intervals along the channel axis. Measurements for all 
parameters except water samples,will be made at 2 meter inter-
vals from the surface to near the bed and at two near-bed 
positions: (1) 30 cm above the bed and (2) 100 cm above the 
bed. Measurement and sampling depths between R65 and R95, 
where depths are relatively shallow, will be surface, mid-
depth and 30 cm above the bed and 100 cm above the bed. 
For cross transects, 4 to 6 stations will be made at 
intervals across the channel and shoal~ to be designated by 
Dr. Nichols on a NOS chart. 
Three water samples (250 ml) at top (bucket) and bottom 
stations (30 cm and 100 cm above bottom) to be kept cool and 
under shade until returned to the dock for VIMS pick up and 
delivery to VIMS central laboratory facility for gravimetric 
determinations of suspended sediment concentrations. VIMS 
will supply (2) horizontal Van Dorn bottles, as well as 
sample bottles. Plastic bottles will be used on 1 or 2 days 
to be designated for metal and chemical analyses as well as 
suspended sediment. Glass pint jars are for suspended sedi-
ment analyses only. 
All field data will be recorded on CBI field data sheets 
supplied by William Cronin, March 27, pm. They will be com-
pleted according to standard instructions provided by William 
Cronin. 
VIMS will analyze samples for total suspended sediment 
(using pre-cleaned and pre-weighed millipore filters (0.8 um) 
at end of each day). 
SI (Pierce) will analyze filters (with suspended sedi-
ment) for organic fraction(%) using samples on alternate days. 





UMd (Sommer) will analyze samples for chemical composi-
tion (selective area X-ray fluorescence) using samples from 
alternate days. 
SI (Pierce) will collect limited number of special sam-
ples for X-ray diffraction analysis. 
CBI will compile field data in computer compatible format 
on: 
1. Temperature 
2. Conductivity (salinity) 
3. Transmittance (using data from calibrations in lab 
and from field data) 
4. Suspended sediment concentrations 
CBI will prepare data report. 
CBI (Cronin) will supply data sheets. 
UMd (Ulanowicz) will assist with data reduction, as 
needed. 
CBI will provide final data on intercalibration of 5 
different transmissometer units. 
Miscellaneous 
Information 
Heads (toilets) need to be secured when sampling near-
surface water alongside. 
For motel reservations after Monday, March 27, please 
clear your room and confirm reservations directly with the 
motel manager, not through Dr. Nichols. 
For expenses during the week of March 27-April l _-if your 
own institution can cover travel costs, please arrange to have 
them covered. If no support is available from your home in-
stitution, then request expense coverage from CRC account. 
Dr. E. Cronin will specify procedures for CRC. 
Shore trips, auto shuttles, bottle delivery and sample 
pick-up will be coordinated by Mr. Thompson. 
Previsions for lunch and snacks should be coordinated by 
the Captain of each vessel. 
Foul-weather gear, work gloves and boots are in short 
supply. Plan to provide your own gear. 
Scientific work will be handled on a continuous basis 
according to the daily operations schedule. Shifts will be 
set up as necessary according to work on each vessel. 
To assure continued operation afloat, refill your fuel 
tank before departing the dock. 
In event of break-down or difficulty, notify the Blue 
Fox, which will serve as back-up vessel for longitudinal 
transects. Whaler crew notify Mr. Thompson for alternate 
run-about. 
Radio Procedures A FM circuit will connect all vessels for local com-
munications. 
•Channel 16 is for use to call the Coast Guard. Do not 
use this channel except for emergency. 
•Channel 26 is for use of the Norfolk Ship-to-Shore 
''Marine" operator. Do not place calls 
except as necessary. 
i8P 
•channel is our prime working channel. 
•Channels 7.JP d an Tl; are our alternate working channels. 
Use call signals posted on each radio. 
Transmissions should be limited and to the point. 
Excessive use overloads the "air", drains batteries and 
disturbs resting personnel. Routine messages for supplies, 
instructions, etc. will be posted by radio hourly, 10 
minutes before each hour. -
Radio circuits are for brief, authorized and necessary 
transmissions only. Use appropriqte call letters. Stop 
all transmissions if you hear: "Mayday", "Pan", "Security" 




For mobilization, March 27-28, the vessels will use 
berthing facilities at Southside Marine Service, Urbanna; 
804-758-2331 and personnel will use the Urbanna Inn, located 
in downtown Urbanna, 804-758-5351. 
For routine work on March 28-April 1, the Pritchard and 
their personnel will continue to use the above facilities 
while the Blue Fox and Aquarius personnel will use the south-
side Motel, Tappahannock and the adjoining dock facilities 
either at the motel or at "city dock" just upstream. 
There is no waiting room for late boats and cars dock-
side, but wait anyway. 
········· 






Chairman, HIFLOW 78 
Co-ordinating Connnittee 
Scientific Director 
Field Logistics Co-ordinator 
and Planning Advisors 
co:.Investigators 
Dr. Robert Huggett 
VIMS 
Dr. A.J. McErlean 
Center for Envir. & Est. 
Studies 
Dr. L. Eugene Cronin 
CRC 
Dr. M. Grant Gross 
CBI 
Dr. Maynard Nichols 
VIMS 
Mr. Galen Thompson 
VIMS 
Dr. Robert Ulanowicz 
CBL 
Dr. Jack Pierce 
Smithsonian 
Dr. Bruce Nelson 
Univ. Va. 
Mr. William Cronin 
CBI 
Dr. Shel Sonnners 
Univ. Maryland 
Dr. Sam Bird 
Mary Washington 
Dr. John Zeigler 
VIMS 
Prof. J. Williams 
U.S.N.A. 
Dr. Frank Fang 
VIMS 
Personnel, Cont'd. Instrument and Technical 
Specialists 
Supportive Associates 
Mr. David Turley 
Mary Washington 
Mr. Van Hog 
Mary Washington 
Mr. William Hale 
VIMS 
Mr. William Mathews 
VIMS 
Mr. James Cumbee 
VIMS 
Mr. Steve Synder 
VIMS 
Ms. Loyd Joseph 
Smithsonian 
Ms. Elaine Ruppert 
Smithsonian 
Mr. James Freed 
VIMS 
Mr. Alan Evans 
VIMS 
Ms. Liz Clark 
VIMS 
Ad. Edwin Rosenberg 
VIMS 
Mr. Craig Lukins 
VIMS 




Capt. M. O'berry 
CBL 




R95 - R65 
Whaler 
R65 - R30 
R/V Aquarius 
Slack before ebb Slack before flood 
Mar. 0900-1500 hrs 1000-1730 hrs 
28, Mathews, VIMS R. Ulanowicz, CBL 
Tues. Synder G. Thompson, VIMS 
Cumbee Assistant 
- - - - - - - - - - - - - ....,_ - - - - - -













































*Final Status Report and Review 
Urbanna Inn, Urbanna, 1930 hrs 
804- 7.58-5351 
- -
R30 - RO 
R/V Pritchard 
Slack before flood 
0700-1530 hrs 
Capt. s. Gilbert w. Cronin, CBI 
B. Nelson, U. Va. - - - - - - - - - - -
-
0800-1630 hrs 
Capt. s. Gilbert w. Cronin 
L. Joseph 
0900-1730 hrs 
Capt. S. Gilbert w. Cronin/Thompson 
1000-1830 hrs 
Capt. s. Gilbert w. Cronin 
B. Nelson 
- - - - - - -- - -
1100-1930 hrs 
Capt. s. Gilbert 
W. Cronin/Thompson 
R/V Blue Fox 
X-transects, RO 
Slack to late ebb 
0700-1700 hrs 
Capt. Timms - -
M. Nichols L. Joseph 1 
E. Ruppert E. Rosenberg , 
-special-Experiment -
R25-R45 
Max. flood to slack 
0800-1800 hrs J. Pierce 
Capt. Timms E. Rosenq 
S. Sommers and NASA 
X-transects; R35-
0700-1900 hrs 
J. Pierce 
E. Ruppert 
L. Joseph --------
X-transects, R35 
0800-1900 hrs 
J. Pierce 
L. Joseph 
E. Ruppert 
X-transects, RO 
1000-1600 hrs 
J. Pierce 
L. Joseph 
E. Ruppert 
